The inherited premalignant condition adenomatous polyposis coli (APC) is characterised by the presence of multiple benign adenomas, usually more than 100, which develop throughout the colon and rectum of affected subjects during adolescence.' These precancerous lesions will progress to carcinoma unless surgically removed by prophylactic colectomy. APC, a dominantly inherited syndrome, results from mutation in the recently isolated gene (APC) localised to chromosome 5q21-22.'5 APC is large, consisting of approximately 8500 bp of coding sequence and as a consequence screening of the entire gene for germline and somatic mutations has been performed by a small number of groups only. Such investigations have used a variety of mutation detection techniques which have, in general, shown deleterious germline or somatic mutations in about two thirds of affected patients and tumour material analysed.6 Thus, at present, predictive testing requires linked or intragenic polymorphisms in a large proportion of families. We have screened the 5' half of exon 15 of the APC gene for mutations in a series of families segregating for the disease and, in addition to several germline mutations that have been reported,7 a number of nondisease variants were also discovered. Here we report the characterisation and frequency analysis of four rare variants and two common polymorphisms in APC detected by means of a rapid, non-radioactive single strand conformational polymorphism (SSCP) assay.
Materials and methods
The method used for analysis in this investigation was a non-radioactive SSCP assay using the Pharmacia PhastSystemTm that involves the electrophoresis of polymerase chain reaction (PCR) generated fragments in preprepared non-denaturing polyacrylamide gels followed by automated silver staining. Analysis of four members of family 564 which included one affected subject (III) resulting from fresh mutation, showed two non-disease variants by SSCP analysis (fig 1) . The first was detected in amplicon 15G of APC in the affected subject and her sister (IV) and had been inherited from their father (I). Sequence analysis of DNA from all three subjects with the variant SSCP pattern showed the alteration to be the result of a previously reported G to C substitution at codon 1317 causing an amino acid change from glutamine to glycine (table  1) .9 An identical alteration was also observed in two unaffected people from another APC family (5998) in which the germline mutation has been characterised as a 5 bp deletion occurring at codon 1309 of the APC gene.7
SAMPLES
The second variant was detected in amplicon E of exon 15 and was observed in the affected subject's mother (II) only. Sequence analysis characterised this alteration as a T to C substitution at codon 129 resulting in a predicted amino acid change from leucine to serine. This rare non-disease variant has also been detected in an APC kindred by Allan et al.9 The affected member of family 564 exhibits an additional SSCP variant in amplicon 15G of the gene which is the result of a single base pair insertion at codon 1323; this is the disease causing mutation.7 FAMILY 552 An SSCP variant was also observed in amplicon 15E of the APC gene in both affected and unaffected members of family 552. Subsequent people from a variety ofgeographical and ethnic origins. None of the rare variants described was detected in these samples.
COMMON POLYMORPHISMS
The most frequent alteration initially observed through analysis of exon 15 of APC was detected in amplicon I, the result of a single base pair substitution of G for A at codon 1493. This is a silent alteration resulting in no amino acid change. Initially SSCP analysis to detect this change was performed at 15°C at which temperature the variant single strand pattern differed between unrelated subjects appearing as either two poorly separated bands or one of two single bands with slightly different mobilities. Electrophoresis performed at 1 0°C, however, resulted in clear separation of all single strand bands, unrelated subjects being classified as either slow migrating homozygotes, fast migrating homozygotes, or slow/fast migrating heterozygotes (fig 2) . The nature of this polymorphism was characterised in families segregating for APC, a panel of normal subjects, and a series of sporadic colorectal cancer (CR) patients with corresponding carcinoma tissue. In total, 155 unrelated people were tested (38 patients with APC, 46 sporadic CR patients, and 71 people unaffected with either disorder).
As table 2 illustrates, a little over half of all unrelated subjects (51%) were heterozygous for the common polymorphism at codon 1493 (exon 15 1), with approximately one third (32 9%) slow migrating homozygotes and the remainder (16 1%) fast migrating homozygotes. The resultant allele frequencies were 058 for the slow migrating allele and 042 for the fast migrating allele. There appears to be little variation between the allele frequencies of the three different subsets although among the group of APC patients there was an increased homozygote frequency (table 2) (for separate analysis, this subset was increased by the inclusion of seven fresh mutation cases).
Extending the region of the APC gene analysed in sporadic colorectal cancer patients showed a second frequent alteration detected as an SSCP variant and characterised as a single base pair substitution of an A with a G at codon 1678 (exon 15, regionJ) also without a resultant amino acid change. In total, DNA from 87 unrelated people was analysed for both ofthese polymorphisms and none was discordant, indicating complete linkage disequilibrium between them. For both polymorphisms the two alleles of heterozygotes representative of both polymorphisms were clearly distinguishable as variant conformers in the single strand DNA pattern and as such both are potentially valuable for analysis of allelic loss in colorectal tumours. Subsequently analysis of tumour and normal tissue for each of the 46 sporadic colorectal cancer patients showed loss of heterozygosity in eight tumours from the 25 patients (32%) who were heterozygous for the common polymorphisms and therefore informative (fig 3) . Additionally, DNA from 50 unrelated people that had been analysed for 
